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Cross Reference to Related Applications : This document claims priority to, and incorporates by referen 
all of the subject matter included in the provisional patent application having serial number 60/296,414 ; 
filed on 06/06/2001. This document also claims priority to, and incorporates by references all of the 
subject matter included in four co-pending applications having serial number 09/603,417 and filed on 
06/22/2000, having serial number 09/759,609 and filed on 01/1 1/2001, and having serial number 
09/656,522 and filed on 09/07/2000. 

The Field Of the Invention: This invention relates generally to touchpads and mobile telephones. 

Specifically, the invention relates to adapting a touchpad so that it can be disposed and operated while 
underneath a keypad of a mobile telephone, wherein the user operates the keypad by pressing keys on a 
keymat in a typical manner, and wherein the touchpad disposed underneath the keymat can be activated 
thereby enable manipulation of a display in the mobile telephone so as to control a cursor, scroll bars, ai 
alphanumerical data entry in the mobile telephone. 

Background of the Invention: Portable information appliances include portable communication devices 
known by many popular names such as cellular telephones, cell phones, and mobile telephones (hereina 
referred to collectively as M mobile telephones") to name a few. Mobile telephones are now capable of 
providing more services than just voice transmission. For example, mobile telephones now provide data 
services such as access to the Internet for web browsing and for using email. These services are becomii 
ubiquitous as the infrastructure to provide them is becoming more widely available. 

There are several problems that inhibit use of these data services. Because these mobile telephones are 
small devices, there is a lack of surface space on them in which to implement data entry and display 
control technologies. A mobile telephone must typically rely on the keypad as the main source of 
alphanumerical data input and display control. 

Unfortunately, experience has shown that using the keypad for all types of data entry and display contro 
inefficient, slow, cumbersome, and frustrating to the user. Thus, while the ability to easily navigate a 
graphical interface such as a mobile telephone web browser and to rapidly enter text in a word processoi 
order to send email is highly desirable, it is unfulfilled. 

It would therefore be an advantage over the prior art to provide a system that enables both rapid data enl 
and graphical display control in a portable information appliance, such as the mobile telephone. 

Ideally, the system should enable the mobile telephone to retain its conventional keypad, while providin 
touchpad and the associated touchpad capabilities. 

However, the system should not require a separate touchpad surface. Thus, the system should incorporai 
touchpad without modifying the appearance of the mobile phone. The touchpad could be disposed 
underneath the keymat and be actuated by a switch or other means of activation. 

Alternatively, the touchpad could be disposed underneath a display screen, or underneath some portion < 
the body of the mobile telephone where a user can run a finger over a surface thereof. What is importani 
that the touchpad operate through proximity sensing, and thus not require direct contact with the touchp; 
in order to operate. The surface through which the touchpad could detect a pointing object could be the 
keymat of the keypad, an LCD display screen, or a portion of the body of the portable information 
appliance that is easily accessible by touch. 

Summary of Invention : It is an object of the present invention to provide a proximity sensitive touchpac 
that is capable of providing touchpad functionality while disposed underneath a keymat of a keypad. 
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It is another object of the invention to provide the proximity sensitive touchpad such that a post for each 
key on the keymat passes through a mutually capacitive sensor electrode grid of the touchpad. 

It is another object of the invention to modify spacing of the electrodes on the mutually capacitive sense 
to enable the posts to pass through the electrode grid. 

It is another object of the invention to bend or angle some of the electrodes around apertures disposed 
through the touchpad in order to enable mechanical switches to be actuated. 

It is another object of the invention to modify sensor algorithms to compensate for the modified spacing 
and the bends or angles made in electrodes on the touchpad. 

It is another object of the invention to provide a separate touchpad that provides dedicated functionality 
a scrolling mechanism. 

It is another object of the invention to provide the separate touchpad such that it is disposed to be 
accessible when the mobile telephone is closed, when the mobile telephone has a cover that can be close 

In a preferred embodiment, the present invention is a proximity-based mutually capacitance-sensitive 
touchpad that is disposed directly beneath a keypad keymat of a mobile telephone, wherein posts 
associated with each key pass through a mutually capacitancesensitive sensor electrode grid of the 
touchpad such that the keypad posts do not interfere with touchpad detection and tracking of a pointing 
object that moves along the keypad surface, to thereby enable touchpad data entry, cursor control, and 
scroll bar control on a display of the mobile telephone, wherein the keypad posts actuate mechanical 
switches underneath the touchpad. 

In a first aspect of the invention, the electrode grid for the proximity -based mutually capacitancesensitiv 
touchpad is disposed on a flexible and nonconductive substrate material. 

In a second aspect of the invention, holes are disposed through the substrate material to enable movemei 
of the keypad posts up and down therethrough. 

In a third aspect of the invention, the proximity -based mutually capacitance-sensitive touchpad operates 
with a sleep mode and an active mode to thereby conserve power, and prevent undesired touchpad 
operation when the keys are in use. 

In a fourth aspect of the invention, the electrode grid is comprised of an etched copper on foil Capton 
GlideSensor. 

In a fifth aspect of the invention, the proximity-based mutually capacitance-sensitive touchpad provides 
tap, double-tap, scroll control, and cursor control. 

In a sixth aspect of the invention, the touchpad is not affected by the changing distance between the 
pointing object and the touchpad, enabling the pointing object to travel over keys and between keys 
without affecting touchpad performance. 

In a seventh aspect of the invention, a separate touchpad is disposed along a side edge of the mobile 
telephone to provide dedicated scrolling capabilities. 

These and other objects, features, advantages and alternative aspects of the present invention will becon 
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apparent to those skilled in the art from a consideration of the following detailed description taken in 
combination with the accompanying drawings. 

Description of the drawings : Figure 1 is a perspective view of a typical mobile telephone, having the 
present invention disposed therein. 

Figure 2 is a close-up, expanded, profile and cross-sectional view of a portion of the keypad. 
Figure 3 is a close-up profile cross-sectional view of a portion of the keypad. 

Figure 4 is an illustration of the prior art that shows that an X electrode grid separated from a Y electrod 
grid by some dielectric insulating material. 

Figure 5 is a cross-sectional profile view of the touchpad that is made in accordance with the presently 
preferred embodiment. 

Figure 6 shows a top view of the Y electrode grids described in figure 5. 
Figure 7 shows a top view of the X electrode grid described in figures. 

Figure 8 illustrates the look of the touchpad after all of the overlapping electrode layers are disposed on 
touchpad substrate. 

Figure 9 is an illustration of a different physical configuration of a mobile telephone. 
Figure 10 is an illustration of the mobile telephone of figure 9 with the cover closed. 
Figure 1 1 is a block diagram of the basic components of the mobile telephone. 

Detailed Description : Reference will now be made to the drawings in which the various elements of the 
present invention will be given numerical designations and in which the invention will be discussed so z 
to enable one skilled in the art to make and use the invention. It is to be understood that the following 
description is only exemplary of the principles of the present invention, and should not be viewed as 
narrowing the claims which follow. 

The presently preferred embodiment of the invention is a proximity-based mutually capacitancesensitiv< 
touchpad that is disposed directly beneath a keypad keymat of a mobile telephone. Keypad posts 
associated with each key pass through an electrode grid of the touchpad in such a way so that the posts c 
not interfere with touchpad detection and tracking of a pointing object that moves along the keypad 
surface. The keys of the keypad provide the first type of user input. The touchpad is capable of providin 
data entry, cursor control, and scroll bar control on a display of the mobile telephone. Thus, the touchpa 
provides the second type of user input. 

The keys of keypad provide discrete input in the form of alphanumerical characters. In contrast, the 
touchpad is an impedance sensing means. More specifically, the touchpad utilizes mutual capacitance- 
sensing technology to determine the location of a finger over a surface thereof. 

Figure 1 is a perspective view of a typical mobile telephone 10. The dotted line 12 indicates the 
approximate location of the touchpad that is disposed underneath a plurality of keys 20. The plurality of 
keys 20 are the only visible portion of a keymat 22 (not shown) disposed underneath a hard housing 14. 
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The key mat 22 is the first layer of a keypad 18. The keypad 18 includes all of the components that enafr 
the plurality of keys 20 to actuate corresponding mechanical switches, and in this invention, also includt 
the touchpad which is integrally disposed therein. The mobile telephone includes a display screen 8, anc 
may also include some external antenna (not shown). Inside the mobile telephone is disposed a power 
source such as a rechargeable battery, and the electronic circuitry for the telephone and for the touchpad 

Figure 2 is a close-up and expanded profile and cross-sectional view of a portion of the keypad 1 8. 

This view shows a single key of the plurality of keys 20 that are part of the keymat 22. The key 20 is 
typically a rubber-like material which is able to deform. However, the key 20 can also be formed of a rij 
material. What is important is that the material used for the key 20 does not interfere with the operation 
the touchpad. In other words, the key20 should not interfere with the detection of mutual capacitance 
between electrode grids of the touchpad, and the modification of the mutual capacitance caused by a 
pointing object such as a finger. 

The key 20 includes a post 24 that is utilized to actuate a mechanical switch 32 when the key is pressed. 
The key 20 can be any desired shape. What is notable is that the key 20 is typically a raised shape so tha 
the key protrudes outwards through and slightly above the hard housing 14. Alternatively, the key 20 ca 
be flush with the surface of the hard housing 14 but this configuration is probably avoided to provide be 
feedback to the user. Another alternative would be to have the keymat 22 exposed, without any surface < 
the hard housing to cover it. 

Actuation of the mechanical switch 32 is accomplished when the post 24 presses down on a dome struct 
36 that is disposed over it. The dome 36 also functions as a spring to push the post 24 back to a rest or 
unactivated position. The post 24 rests on or adjacent to the dome 36. The dome 36 thus provides a tacti 
response that is desirable with actuation of a mechanical switch. 

Typically, the keymat 22 is a structure without apertures through its surface. Instead, the keymat 22 is 
formed to provide a location for the plurality of keys 20 to be disposed. Thus, each of the plurality of ke 
20 is typically a separate component that is joined with or otherwise fused to the keymat 22. 

However, this configuration should not be considered limiting, and the keymat 22 can be formed having 
integral keys 20. Another alternative would be to eliminate the keymat 22 altogether, wherein individua 
keys would not have a structure to hold them together. 

In figure 2, a touchpad 26 is disposed directly underneath the keymat 22. A plurality of apertures 28 are 
disposed through the touchpad 26 to enable passage of the posts 24 connected to each of the plurality of 
keys 20. The structure of the touchpad 26 is a novel aspect of the invention to be described in detail in 
other figures. 

Disposed underneath the touchpad 26 is a switch substrate 30. The switch substrate 30 is typically a rigi 
material such as printed circuit board (PCB). 

Figure 2 shows a mechanical switch 32 disposed on the switch substrate 30. Also shown disposed on th< 
switch substrate 30 is an LED 34 that is adjacent to the mechanical switch 32 and the dome 36. A plural 
of LEDs 34 on the switch substrate provide illumination that is typically seen through the plurality of ke 
20. Accordingly, the key20 will be transparent or at least translucent to thereby allow the illumination ft 
the LED to be visible therethrough. It should be apparent that at least a portion of the keymat 22 where 1 
key 20 is disposed will also be transparent or translucent for the illumination to be visible. 

What is important to recognize in figure 2 is that the key 20 must be capable of easy actuation of a 
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mechanical switch 32 in order for the mobile telephone to be usable. In other words, the touchpad shoul 
not interfere with operation of the plurality of keys 20. 

But in order to provide touchpad functionality, the touchpad 26 must be located as close to the keymat 2 
and the key20 as possible. In this preferred embodiment, a novel aspect of the invention is that the apert 
28 makes operable the configuration of the keypad 18 shown in figure 2. 

In order to provide touchpad functionality to the mobile telephone, a plurality of keys 20, posts 24, 
corresponding apertures 28 through the touchpad 26, and mechanical switches 32 are required. These 
structures are arranged as shown in figure 3. 

Figure 3 is a close-up profile cross-sectional view of a portion of the keypadl8, wherein the key 20 havi 
post 24 is disposed over aperture 28 through the touchpad 26. The post 24 is adjacent to or even resting 
the dome 36. The switch substrate 30 is shown spaced apart some distance by gap 40 to enable the dom< 
36 to be actuated by the post 24. 

Another important and novel aspect of the invention is that in order for the illumination provided by the 
LED 34 to be visible through the key 20 that the intervening substrate of the touchpad 26 must also be 
transparent or at least translucent. 

Furthermore, the material used in the touchpad is important for reasons other than illumination. 

It is observed that there are methods of illumination available other than LEDs. For example, 
electroluminescent lighting may be used in mobile telephones. However, it would be necessary to provi< 
the same apertures through the electroluminescent lighting as are through the touchpad. This may be 
difficult because of the manufacturing methods currently used. However, a plurality of discrete 
electroluminescent panels might be disposed under the touchpad 26. 

In the presently preferred embodiment, the touchpad being utilized comes from the GLIDESENSOR(TF 
technology of CIRQUE (TM) Corporation. This technology provides a flexible substrate for the sensor 
grids of the mutually capacitance-sensitive touchpad. The flexible substrate is not only capable of 
conforming to arcuate surfaces, such as the underside of the keymat 22, it is also capable of being slight 
deformed. This is important because when the key 20 is being pressed so that the post 24 depresses the 
dome 36 and actuates the mechanical switch 32, the edges 38 of the key 20 will be pressing on and sligt 
deforming the touchpad 26. This movement of the touchpad 26 should be minimized in order to reduce 
damage that might occur to electrodes disposed thereon. 

The GLIDESENSOR (TM) touchpad 26 provides another capability that is critical to successful operate 
of the touchpad in the mobile telephone. The touchpad 26 is providing proximity sensing. Proximity 
sensing is the ability to detect a pointing object on the plurality of keys 20 or the space between the key* 

Proximity sensing is thus the ability to detect a pointing object, in this case a finger, without direct conte 
with a sensing surface of the touchpad 26. 

GLIDESENSOR (TM) is uniquely suited to provide this enhanced z-axis proximity sensing capability a 
described in the co-pending applications. 

Essentially, the increased dynamic range of the touchpad as provided by the integrated circuit at the hea 
of the touchpad circuitry. The increased dynamic range is made possible for several underlying reasons 
such as not having to throw away the smallest measurement bits because a more accurate analog-todigit 
(AID) converter is being used. More specifically, it was determined that the noise within the AID conve: 
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itself was responsible for having to throw away measurement data that could not be considered reliable. 
Thus, the techniques used for electronic noise reduction within the touchpad circuitry resulted in 
substantial improvement in performance. 

Another factor is an unexpected result which came about as a consequence of the A/D converter. 

Specifically, the number of measurement readings or"sampling"taken by the measurement circuitry cou 
be doubled to thereby cause a decrease in the noise of the A/D converter. 

Together, the decreased noise of the A/D converter and the two-fold increase in the number of samples < 
the measurement circuitry have combined to create at least a four-fold increase in accuracy of the touch] 
sensing circuitry. 

Another factor is that the present invention utilizes mutual capacitance-sensing technology. One particu 
advantage of this technology is that the electrode grid comprised of separate X and Y electrodes, and 
taught in CIRQUE (TM) Corporation US 

Patent Nos. 5,305,017,5,565,658, and 5,861,875, is that the technology does not depend upon having a 
well established earth ground. Mutual capacitance enables detection of a finger changing the capacitanc- 
between the X and Y electrodes. An earth ground is not important in its measurement methodology. Thi 
the increase in touchpad sensitivity combined with the advantages of mutual capacitance technology 
enable the 

CIRQUE (TM) touchpad to accomplish accurate proximity sensing. 

It is important to recognize that the touchpad technology of the present invention also had to be 
significantly modified to operate in the environment of a mobile telephone. 

One modification is the material being used for the substrate of the touchpad. A typical mutual 
capacitance-sensitive touchpad is comprised of an X and a Y electrode grid. As taught in the co-pending 
applications, the electrode grids of the present invention are formed on a flexible and non-conductive 
material. There are several products on the market which can be used for this purpose. But even plastic i 
MYLAR (TM) can be used. 

More specifically for materials, the present invention requires a flexible substrate, and has used 
polyethylene terephthalate (PET) to fulfill this role. 

However, PET is typically not transparent. It is typically a dark amber-like material that may not allow 
enough light through to illuminate the keys if it is used for the touchpad. Thus, the presently preferred 
embodiment utilizes a clear or more transparent film for the substrate, such as polyethylene naphalate 
(PEN). Thus, any film with suitable properties can be used such as a polyester or polyimide film with 
suitable transparency characteristics. 

Another important property of the touchpad substrate in the presently preferred embodiment is that it be 
capable of being soldered. It is desirable to solder electrical connectors and/or components directly to th 
touchpad substrate material. PET has a melting point that is typically below that of solder. However, PE 
has a higher temperature coefficient that is slightly above solder, and can be used for the touchpad 
substrate. 

Another advantageous property of the touchpad substrate is that it should be thin enough to provide the 
flexibility to conform tightly to the underside of the keymat22. Therefore, the touchpad substrate should 
have desirable transparency characteristics, temperature coefficient, flexibility, and be thin and non- 
conductive. 
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The electrode grids can be formed in various ways that are well known to those skilled in the art and are 
explained in the previously cited CIRQUE (TM) patents. Figure 4 is an illustration of the prior art that 
shows that an X grid 50 be separated from a Y grid 52 by some dielectric insulating material. Thus, the '. 
grid 50 can be disposed on a first substrate 54, the Y grid 52 can be disposed on a second substrate 56, a 
the first substrate is coupled to the second substrate, with the upper substrate 56 forming the intervening 
dielectric insulating material. 

More specifically in the present invention, figure 5 is provided to illustrate the presently preferred 
embodiment and layout characteristics of the touchpad 26. Figure 5 is a cross-sectional profile view of t 
touchpad 26 of the presently preferred embodiment. The base substrate has a first electrode grid layer 6^ 
disposed thereon. This could be the X or the Y grid. The next layer is a dielectric insulating material 64 
that is well known to those skilled in the art. Then a second electrode grid 66 is disposed on top of the 
dielectric insulating material 64. Another insulating and protective layer 68 is typically disposed on top 
the second electrode grid 66 simply to prevent damage. This protective layer 68 is typically the same 
dielectric insulating material used between the electrode grid layers 62,66. 

The process for disposing the electrode grid layers 62 and 66 on the substrate 60 and the dielectric 
insulating material 64 is taught in the copending applications. However, it can be summarized as the sill 
screening of a conductive ink, such as indium-tin-oxide (ITO). However, by utilizing PEN or other simi 
film as the substrate 60, it is also possible to etch copper on one side of the substrate 60, and print the 
conductive ink on the other. Through-holes in the substrate can then be used to connect the electrode gri 
to copper traces. The ability to etch copper enables connections to be made to electronic components thz 
are also disposed directly onto the substrate 60, and eliminate the need to provide a means for coupling i 
off-board electronics. 

An important aspect of the invention can now be illustrated in the following figures. Beginning with figi 
6, this figure shows a top view of one of the electrode grids. For purposes of example only, it will be 
referred to as the Y electrode grid layer 62. 

The Y electrode grid 70 is comprised of various electrode fingers as shown. The electrode grid 70 is 
surrounded by a grounding ring electrode 72 to reduce noise interference. 

A significant new feature on the Y electrode grid layer 62 that is different from previous touchpads 
manufactured by CIRQUE (TM) Corporation are the apertures 28. There is an aperture 28 for each of th 
keys 20 on the keypad 18 of the mobile telephone 10. 

Thus, the exact placement and number of apertures 28 may vary, depending upon the style and keypad 1 
layout of the mobile telephone being used. This embodiment of twenty-one keys is illustrative only. 

Furthermore, the number of columns and rows can be adjusted as needed. 

A significant feature of the Y electrode grid 70 is that some of them are not straight. Two of the electroc 
70 are forced to bend around the apertures 28. Performance of the touchpad 26 with electrodes that have 
non-linear portion can be affected significantly. Fortunately, the present invention is able to compensate 
for the electrodes having a nonlinear portion. This is accomplished using an offset. 

The offset is a function of known index locations. For example, a typical CIRQUE (TM) touchpad utili2 
a 12 electrode by 16 electrode grid. This provides 192 raw index locations from which to determine the 
position of a finger. Because of the smaller dimensions of the mobile telephone, it is necessary to reduce 
the total number of electrodes in both the X and Y electrode grid layers 62,66. In the preferred 
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embodiment, the electrode grid is now 6 electrodes by 8 electrodes. In this embodiment, there are 8 Y 
electrodes 70, and 6 X electrodes 74. That means that there are one fourth (6x8=48) the total number of 
raw index locations to use in determining the location of the finger over the touchpad 26, as compared t< 
typical CIRQUE (TM) touchpad. This situation makes the touchpad more difficult to implement becaus- 
of the restricted size of the area in which it can operate. 

Figure 7 is a figure showing a top view of the X electrode grid layer66. The X electrodes 74 are dispose 
as shown. 

An important feature to notice is that not only are some of the Y electrodes 70 nonlinear, but the spacing 
between Y electrodes 70 and the X electrodes 74 is non-uniform. Just like the nonlinear Y electrodes, th 
fact compromises performance of the touchpad 26. In order to compensate, it is necessary to use the san 
technique of using offsets. This is only possible because the location of the nonlinear portion of the 
electrodes and the spacing between all of the electrodes is known. Thus, the offsets would be different 
depending upon the specific electrode spacing and bending around apertures 28. This feature of being al 
to provide these offsets in order to accurately determine finger location over the touchpad is a novel asp 
of the present invention. 

Figure 8 is provided to illustrate the look of the touchpad after all of the overlapping electrode layers 62 
are disposed on the touchpad substrate 60. It should be understood that the scale of figures 6,7 and 8 is r 
actual size. The electrode grid layers 62,66 were expanded to make them easier to see. Not mentioned b 
part of the touchpad is the touchpad circuitry that is coupled to the electrode grid layers 62,66. The 
touchpad circuitry is designed to detect and localize any disturbance that interferes with the mutual 
capacitance between the electrode grid layers 62,66. This concept is explained in the parent applications 
and the previously cited CIRQUE (TM) Corporation patents. 

An important aspect of the invention is to bring touchpad functionality to the mobile telephone. This 
functionality includes the ability to perform scrolling, tapping, double-tapping, and cursor control. This 
functionality is all part of the touchpad 26, and are new to the application of a mobile telephone. 

Figure 9 is an illustration of a different physical configuration of a mobile telephone 78. The mobile 
telephone 78 has a base portion 80, and a cover portion 82. The cover portion 82 will typically include a 
display screen, such as the LCD display screen 84 shown here. The base portion 80 will typically includ 
the keypad 86. Alternatively, a different type of display screen technology may be used. This may be an 
advantage if the touchpad 26 can be more easily disposed behind the display screen in an alternative 
embodiment. Other display screen technology includes plasma displays and electronic ink displays. 

The purpose of providing this illustration is that it may be desirable to provide some touchpad functiona 
in more than one location in the mobile telephone. For example, the mobile telephone shown in figure 9 
and shown in figure 10 with the cover portion 92 closed includes a small LCD display screen 88 on the 
back 90. The display screen 88 can be used to indicate, for example, the identity of a caller or some othe 
mobile telephone function. What is important to understand is that when using this type of mobile 
telephone 78, it is often desirable not to have to open the mobile telephone to perform some touchpad 
functions on the display screen 88. 

Another example is using the display screen to provide access to a list of telephone numbers in a telephc 
directory stored in memory. A touchpad is a very convenient method of scrolling. However, mechanical 
scrolling wheels can be easily actuated at undesirable moments. Furthermore, reliability is an issue beca 
the internal mechanical mechanism of a mechanical scrolling wheel is open to the elements. 

In contrast, it is much harder to actuate a touchpad that requires the use of a finger to move across it. 
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In addition, the electronic circuitry of the touchpad is hidden inside the hard housing 14. 

Accordingly, it is another aspect of the present invention to provide a small touchpad separate from the 
touchpad 26 underneath the keymat 22 that has limited touchpad functionality. For example, a small 
touchpad 92 is shown disposed along a edge or side of the mobile telephone 78. This touchpad 92 can 
provide scrolling functionality for the display screen 88. 

The touchpad 92 can be disposed flush with the hard housing 14, or it can be disposed beneath the hard 
housing. Some delineation on the hard housing 14 should then be provided to indicate the location of th 
touchpad 92. The user would simply move a thumb or finger along the touchpad 92 to perform scrolling 
the direction of movement causing scrolling up or down. 

Regarding actuation of the touchpads 26 and 92, there are many ways that this could be accomplished. 

For example, application actuation could be accompanied by actuation of the appropriate touchpad. 

Consider a mobile telephone web browser application being actuated by the receipt of an email message 

Starting the web browser could occur simultaneously with actuation of the touchpad, enabling the user t 
manipulate a cursor in a graphical web browser environment. The user could then cause the email messj 
to be displayed on the display screen 8. 

Touchpad actuation thus may be automatic, in response to actuation of a specific activity or program th* 
relies on touchpad functionality to operate. In contrast, touchpad actuation may also be performed 
manually through a dedicated switch. The switch can be disposed near the keys 20 of the keypad 18. Th 
methods might also be combined, or customized by the user, wherein selected applications cause autom 
actuation of the touchpad, and others do not without manual intervention. 

It is observed that the touchpad 92 may be activated by certain activities being displayed on the display 
screen 88. This would enable the user not to have to open the mobile telephone to actuate the touchpad ! 
and yet prevent accidental actuation that might otherwise be caused by carrying the mobile telephone in 
bag or purse. 

Figure 1 1 is provided as a very basic block diagram of the components of the present invention when 
disposed within a mobile telephone. These components include the display screen 8, a memory module 
100 for storing data, a processor 102 for controlling operation of the various components, transceiver 
circuits 104 for controlling transmission and reception of data, including voice data, a power source 106 
for providing power for all operations of the mobile telephone, an interface 108 to the data from the 
mechanical switches 32 actuated by keys 20 on the keypad 18, and an interface 1 10 to data from the 
touchpad 26. It should be recognized that the mobile telephone may include more components, such as 
card readers or other memory devices. This figure should only be considered a typical example. 

While the presently preferred embodiment teaches the integration of the touchpad 26 into the keypad 18 
should be recognized that the touchpad 26 might be located elsewhere. The touchpad 26 could be dispo* 
underneath the hard housing 14 and operate in proximity sensing mode. The touchpad 26 could also be 
disposed in a location where the hard housing 14 has been cut away to reveal a surface of the touchpad < 
that it operates by direct touch. It should also be considered an aspect of the present invention to provid< 
touchpad that is disposed under more than one location, such as under the keymat 22, and also under a 
portion of the hard housing 14. The touchpad 26 might also be disposed under the LCD display screen 8 
as to operate similar to a touch screen as understood by those skilled in the art. 
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Another aspect of the invention is a power mode for the touchpad 26. While actuation of the touchpad n 
be automatic or manual, deactivation may also be automatic or manual. Because the presently preferred 
embodiment is utilization in a portable information appliance such as the mobile telephone, power 
consumption is an issue. The touchpad 26 can be designed to go into a sleep mode if no activity is detec 
for a selectable period of time. However, the user may complete a task, and desire to return to use of the 
keys 20, or simply desire to not use the mobile telephone. Accordingly, a manual switch may be provide 
in order to deactivate the touchpad and force it into a sleep mode if the mobile telephone is not being 
turned off, but left in a phone answering mode. 

It may not be desirable to dedicate a switch to the sole task of touchpad activation or deactivation. 

Accordingly, it may be preferable to enable a sequence of keys 20 to be pushed to perform this function 
manually. It could also be made a menu item on the display screen8 that is selectable by using the 
touchpad itself. 

The presently preferred embodiment of the mobile telephone is only one example where the present 
invention may be utilized. The invention is best suited for use in any of a variety of portable informatior 
appliances, such as mobile telephones. 

However, other devices such as personal digital assistants (PDAs), laptop computers, tablet personal 
computers, or similar mobile computing devices can also benefit from the present invention. 

However, the present invention does not need to be limited strictly to portable information appliances 
either. The ability to provide a touchpad that is integrated with another input means such as a keypad ca 
be used in any place that a keypad is found, such as in a computer keyboard, and even in a panel of 
electronic instrumentation such as in an automobile or aircraft. 

Another alternative embodiment that should be addressed is the elimination of mechanical keys. This is 
accomplished by utilizing the touchpad as both the keypad and the touchpad. In other words, it is possib 
to switch modes of the touchpad. In keypad mode, the touchpad provides a plurality of discrete regions, 
each region corresponding to a discrete key of the keypad. When switched to touchpad mode, the touch] 
surface operates with touchpad functionality, for example, to provide cursor control. 

It is to be understood that the above-described arrangements are only illustrative of the application of th 
principles of the present invention. Numerous modifications and alternative arrangements may be devis< 
by those skilled in the art without departing from the spirit and scope of the present invention. 

The appended claims are intended to cover such modifications and arrangements. 

Data supplied from the esp@cenet database - Worldwide 

Claims of corresponding document: WO02100074 [ Translate this tex~ 



Claims 

What is claimed is: 1. A portable electronic appliance comprising: a keypad having a plurality of keys, 
wherein each of the plurality of keys is arranged so as to actuate a respective mechanical switch so as to 
provide a first type of user input; and an impedance sensing means disposed integrally with the keypad : 
as to provide a second type of user input. 
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2. The portable electronic appliance as defined in claim 1 wherein the keypad includes a region wherein 
the impedance sensing means is capable of operation, and the region is characterized as having no keys 
disposed above the touchpad. 

3. The portable electronic appliance as defined in claim 2 wherein the plurality of keys are formed as pa 
of a keymat. 

4. The portable electronic appliance as defined in claim 3 wherein the impedance sensing means is 
disposed adjacent to the keymat. 

5. The portable electronic appliance as defined in claim 4 wherein the keymat and the impedance sensin 
means are coextensive. 

6. The portable electronic appliance as defined in claim 5 wherein the plurality of keys are comprised oi 
rubber-like material that does not interfere with operation of the impedance sensing means. 

7. The portable electronic appliance as defined in claim 6 wherein the impedance sensing means is 
configured so as to detect the presence and location of a finger that is disposed over the impedance sens: 
means, and touching the surface of the plurality of keys, or a surface of the portable electronic appliance 
that is immediately adjacent and inbetween the plurality of keys. 

8. The portable electronic appliance as defined in claim 7 wherein the impedance sensing means is furth 
comprised of: a first electrode grid; and a second electrode grid disposed coextensive with the first 
electrode grid. 

9. The portable electronic appliance as defined in claim 8 wherein the impedance sensing means further 
comprise: the first electrode grid arranged with electrodes generally in parallel, but with non-uniform 
spacing therebetween; and the second electrode grid arranged with electrodes generally in parallel, but 
with non-uniform spacing therebetween. 

10. The portable electronic appliance as defined in claim 9 wherein the impedance sensing means and tt 
plurality of keys further comprise: a plurality of apertures disposed through the impedance sensing meai 
and a post disposed on a bottom side of each of the plurality of keys, wherein each post is positioned in 
keymat so as to be capable of passing through one of the plurality of apertures in the impedance sensing 
means if a key is pressed. 

1 1 . The portable electronic appliance as defined in claim 10 wherein the keypad further comprises: a 
switch substrate disposed beneath the impedance sensing means; a plurality of mechanical switches, eac 
switch disposed beneath a corresponding aperture through the impedance sensing means, and beneath a 
post of each of the plurality of keys; and a dome disposed over each of the plurality of mechanical 
switches. 

12. The portable electronic appliance as defined in claim 1 1 wherein the switch substrate further compri 
light emitting means disposed thereon, to thereby provide illumination to the plurality of keys. 

13. The portable electronic appliance as defined in claim 12 wherein the light emitting means further 
comprises a plurality of light emitting diodes (LEDs) disposed adjacent to each of the plurality of 
mechanical switches. 

14. The portable electronic appliance as defined in claim 13 wherein the light emitting means further 
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comprises a plurality of electroluminescent panels. 

15. The portable electronic appliance as defined in claim 14 wherein the light emitting means further 
comprises a single electroluminescent panel having a plurality of apertures therethrough, one for each o 
the plurality of mechanical switches. 

16. The portable electronic appliance as defined in claim 15 wherein the impedance sensing means is 
transparent. 

17. The portable electronic appliance as defined in claim 16 wherein the impedance sensing means is 
translucent. 

18. The portable electronic appliance as defined in claim 17 wherein the first electrode grid and the secc 
electrode grid are comprised of conductive ink. 

19. The portable electronic appliance as defined in claim 18 wherein the conductive ink is further 
comprised of indium-tin-oxide. 

20. The portable electronic appliance as defined in claim 19 wherein the impedance sensing means furtt 
comprises : a first electrode grid disposed on a touchpad substrate; a first dielectric insulating layer 
disposed thereover; a second electrode grid disposed on the first dielectric insulating layer; a second 
dielectric insulating layer disposed thereover; and a touchpad circuit coupled to the first electrode grid a 
the second electrode grid, wherein the touchpad circuit utilizes a disturbance in mutual capacitance 
between the first electrode and the second electrode grid to detect an object in proximity to the impedan 
sensing means. 

21. The portable electronic appliance as defined in claim 20 wherein the touchpad substrate further 
comprises a transparent material. 

22. The portable electronic appliance as defined in claim 21 wherein the touchpad substrate further 
comprises a translucent material. 

23. The portable electronic appliance as defined in claim 22 wherein the touchpad substrate is comprisei 
of a material that has a temperature coefficient that is higher than solder, to thereby enable the disposing 
electronic circuits directly to the touchpad substrate. 

24. The portable electronic appliance as defined in claim 23 wherein the touchpad substrate is comprisei 
of a material that has a temperature coefficient that is higher than solder, to thereby enable etching of 
metallic traces to the touchpad substrate. 

25. The portable electronic appliance as defined in claim 24 wherein the touchpad substrate is selected 
from the group of materials comprised of polyethylene naphalate (PEN), polyester film, and polyethyler 
terephthalate (PET). 

26. The portable electronic appliance as defined in claim 25 wherein the impedance sensing means forth 
comprises: the first electrode grid with electrodes arranged so as to be linear, but forming an arc along a 
portion thereof when needed to move around an aperture in the touchpad substrate; and the second 
electrode grid with electrodes arranged so as to be linear, but forming an arc along a portion thereof wh< 
needed to move around an aperture in the touchpad substrate. 

27. The portable electronic appliance as defined in claim 26 wherein the electronic circuits of the 
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impedance sensing means further comprise utilizing offset values in order to compensate for arcs in the 
first electrodes or the second electrodes, to thereby accurately determine a location of a finger in proxim 
of the impedance sensing means. 

28. The portable electronic appliance as defined in claim 27 wherein the electronic circuits of the 
impedance sensing means further comprise utilizing offset values in order to compensate for non-unifor 
spacing between the first electrodes, and to compensate for non-uniform spacing between the second 
electrodes. 

29. The portable electronic appliance as defined in claim 28 wherein the second type of user input from 
impedance sensing means further comprises touchpad functionality including scrolling, tapping, 
doubletapping, and cursor control. 

30. The portable electronic appliance as defined in claim29 wherein the portable electronic appliance 
further comprises a second impedance sensing means disposed therein, the second impedance sensing 
means having limited touchpad functionality. 

31. The portable electronic appliance as defined in claim 30 wherein the second impedance sensing mea 
is capable of providing scrolling functionality. 

32. The portable electronic appliance as defined in claim 31 wherein the portable electronic appliance is 
selected from the group of portable electronic appliances including mobile telephones, personal digital 
assistants (PDAs), laptop computers, and tablet personal computers (PCs). 

33. A method for providing a portable electronic appliance that combines touchpad functionality with 
discrete keys, said method comprising: (1) providing a keypad having a plurality of keys, wherein each - 
the plurality of keys is arranged so as to actuate a respective mechanical switch so as to provide a first t> 
of user input; and (2) providing an impedance sensing means disposed integrally with the keypad so as t 
provide a second type of user input. 

34. The method as defined in claim 33 wherein the method further comprises the step of providing a reg 
wherein the impedance sensing means is capable of operation, and wherein the region is characterized a 
having no keys disposed above the touchpad. 

35. The method as defined in claim 34 wherein the method further comprises the step of forming the 
plurality of keys as part of a keymat. 

36. The method as defined in claim 35 wherein the method further comprises the step of disposing the 
impedance sensing means adjacent to the keymat. 

37. The method as defined in claim 36 wherein the method further comprises the step of forming the 
keymat and the impedance sensing means to be coextensive. 

38. The method as defined in claim 37 wherein the method further comprises the step of forming the 
plurality of keys of a rubber-like material that does not interfere with operation of the impedance sensin; 
means. 

39. The method as defined in claim 38 wherein the method further comprises the step of configuring the 
impedance sensing means to detect the presence and location of a finger that is disposed over the 
impedance sensing means, and touching the surface of the plurality of keys, or a surface of the portable 
electronic appliance that is immediately adjacent and between the plurality of keys. 
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40. The method as defined in claim 39 wherein the method further comprises the steps of (1) providing ; 
first electrodegrid ; and (2) providing a second electrode grid that is disposed coextensive with the first 
electrode grid. 

41. The method as defined in claim 40 wherein the method further comprises the steps of: (1) configurir 
the first electrode grid arranged with electrodes generally in parallel, but with nonuniform spacing 
therebetween; and (2) configuring the second electrode grid arranged with electrodes generally in parall 
but with non-uniform spacing therebetween. 

42. The method as defined in claim 41 wherein the method further comprises the steps of: (1) disposing 
plurality of apertures through the impedance sensing means; and (2) disposing a post on a bottom side o 
each of the plurality of keys, wherein each post is positioned in the keymat so as to be capable of passin 
through one of the plurality of apertures in the impedance sensing means if a key is pressed. 

43. The method as defined in claim 42 wherein the method further comprises the steps of: (1) disposing 
switch substrate beneath the impedance sensing means; (2) providing a plurality of mechanical switches 
wherein each switch is disposed beneath a corresponding aperture through the impedance sensing mean: 
and beneath a post of each of the plurality of keys; and (3) disposing a dome over each of the plurality o 
mechanical switches. 

44. The method as defined in claim 43 wherein the method further comprises the step of providing a lig] 
emitting means on the touchpad substrate, to thereby provide illumination to the plurality of keys. 

45. The method as defined in claim 44 wherein the method further comprises the step of providing a 
plurality of light emitting diodes (LEDs) disposed adjacent to each of the plurality of mechanical switch 

46. The method as defined in claim 45 wherein the method further comprises the step of providing a 
plurality of electroluminescent panels. 

47. The method as defined in claim 46 wherein the method further comprises the step of providing a sin 
electroluminescent panel having a plurality of apertures therethrough, one for each of the plurality of 
mechanical switches. 

48. The method as defined in claim 47 wherein the method further comprises the step of providing a 
transparent impedance sensing means. 

49. The method as defined in claim 48 wherein the method further comprises the step of providing a 
translucent impedance sensing means. 

50. The method as defined in claim 49 wherein the method further comprises the step of manufacturing 
first electrode grid and the second electrode grid from conductive ink. 

51 . The method as defined in claim 50 wherein the method further comprises the step of utilizing 
indiumtin-oxide as the conductive ink. 

52. The method as defined in claim 51 wherein the method further comprises the steps of: (1) disposing 
first electrode grid on a touchpad substrate ; (2) disposing a first dielectric insulating layer thereover; (3^ 
disposing a second electrode grid on the first dielectric insulating layer ; (4) disposing a second dielectri 
insulating layer thereover; and (5) coupling a touchpad circuit to the first electrode grid and the second 
electrode grid, wherein the touchpad circuit utilizes a disturbance in mutual capacitance between the fin 
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53. The method as defined in claim 52 wherein the method further comprises the step of utilizing a 
transparent material for the touchpad substrate. 

54. The method as defined in claim 53 wherein the method further comprises the step of utilizing a 
translucent material for the touchpad substrate. 

55. The method as defined in claim 54 wherein the method further comprises the step of utilizing a 
material for the touchpad substrate that has a temperature coefficient that is higher than solder, to thereb 
enable the disposing of electronic circuits directly to the touchpad substrate. 

56. The method as defined in claim 55 wherein the method further comprises the step of utilizing a 
material for the touchpad substrate that has a temperature coefficient that is higher than solder, to thereb 
enable etching of metallic traces to the touchpad substrate. 

57. The method as defined in claim 56 wherein the method further comprises the steps of: (1) providing 
first electrode grid with electrodes arranged so as to be linear, but forming an arc along a portion thereol 
when needed to move around an aperture in the touchpad substrate; and (2) providing the second electrc 
grid with electrodes arranged so as to be linear, but forming an arc along a portion thereof when needed 
move around an aperture in the touchpad substrate. 

58. The method as defined in claim 57 wherein the method further comprises the step of utilizing offset 
values in the electronic circuits of the impedance sensing means in order to compensate for arcs in the fi 
electrodes or the second electrodes, to thereby accurately determine a location of a finger in proximity o 
the impedance sensing means. 

59. The method as defined in claim 58 wherein the method further comprises the step of utilizing offset 
values in the electronic circuits of the impedance sensing means in order to compensate for non-unifonr 
spacing between the first electrodes, and to compensate for non-uniform spacing between the second 
electrodes. 

60. The method as defined in claim 59 wherein the method further comprises the step of providing 
touchpad functionality including scrolling, tapping, double-tapping, and cursor control. 

61 . The method as defined in claim 60 wherein the method further comprises the step of providing a 
second impedance sensing means disposed therein, wherein the second impedance sensing means has 
limited touchpad functionality. 

62. The method as defined in claim 61 wherein the method further comprises the step of providing 
scrolling functionality in the second impedance sensing means. 

63. The method as defined in claim 62 wherein the method further comprises the step of selecting the 
portable electronic appliance from the group of portable electronic appliances including mobile telephoi 
personal digital assistants(PDAs), laptop computers, and tablet personal computers (PCs). 
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[i**H33] 
[I**H34] 
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[lf^3S36] 
Clf^Il37] 

iiufiE^-^H;fc£tfftJfB^>fc 0 -y>^ 
[ff*Il38] 

i!ijtE^>t 0 -^>x{S**p^i£<D^S!j£Wl:^ 

^^)lCii^sf^JS37lClBi£CD^io 
[IS*3S39] 

[Ifr#iS40] 

(2)mriEmi<DmfBeWvK<hi^i:^ 

[If*ll4l] 

££bl^*£If#«40lciEtK<£:?5;£o 
[Ifr*ii42] 

(1) MiB'r>t o -y>x^*D#is$mii-r^^(Dr ? Bpep^iBM-r'5>x^^, 

(2) ^-7b^^H^<h^n^^MIB-r>t°-^>xS^P^I§(7)HtlfB^^cDr?B □ SPtf) 1 o^sii-r 
&Z<t^££J;dl3HfJfE*-^;/hl^ 

[If^3S43] 

(Dx^^s^^fjifi-r^e-yvxs^p^isoTi^iBgf -sx^^^, 

(2) fjsB^>t o -^>x^*p^is$miiL^fE;-r^r ? SPSii(7)T. frofjfE^&<7)*-<7)^;tx^h,cD 
tttfe^^Tic^H^iBS^r^^^cD^x^^^r^x^^. 

(3) fIfB^I»(D^X^^(0^^<7)±lcK-A^m^IBa-r^X^^<!: 
££blc{i*6Ii#il42lcfBt£<7):S;£o 

[If^H44] 

ItfJtE*^/^K*^±lcfg;fc¥l££*f^^ 

:7££bl^I*£Ii#3l43lcfEiECD75;£ 0 

[ff*Il45] 

ffTlB^&tD^X^^CD^ft^^ 

X^v^^«=>lcfii^^if^il44|ztBi6<D7a}io 

CIf*H46] 

[1*^1147] 

<7hP;u5^>x/^^;^^^^XT^^blc|i^^If^ii46[ciB«(^7a;£ 0 

[ff^Il48] 

M(DHUlS^>t°-^>X{g^P¥£$£attT£^ 
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[ffr*JS49] 

Miami <D««^U^Kfc*i;ffil5m2(D«ffi^'J^K*#*14^><7^^tt^t-*^^$$c > lc 

[1**1151] 

>£o 

CIf*JS52] 

(1 )H1 (D«a^ l J'>K$^^/^KSlSlcisa-r'&X7 L ^<i:. 

(2) ^1 ommmmm zmum i <j>w&? x ) v k± icen-r**^^ , 

(3) *2<Z)«ffiyj'>K$lKriB*ia)R*f6«Jf ±izE«-r^T^t. 

(4) m2(7)i^#^Ji^lB|g2CDmM^ , J^K±[ZiBM-r^X^^<!:. 

(5) $^/^Kis]i&£iifjiEmia>ma^y^ 
•;/K[E]j&a<iiiriB!&i(D*a*u^^ 

[Ii*H53] 

McDfcm£fJfB£^/\°«>KS*^ 
[II#IS54] 

¥310^^W^MfB^^/N o ^K*^lc^ffl^^x^^^^lz^^^If^]S53[zlBmcD^^o 

[ffr*H55] 
[Ifr*l!57] 

(1)*«J&<ttttfc££«fc3l3K«*;h., LfrLm&$vT'W&fa<DfflO^(Dmm^&m$: : £z-& 
t> 

[If*Il58] 

imsB^^e— y>xjstt^®(DffiiB«^iHi»^7^h(t$«fflLr»i<D«a*f=i*m2a>«a 
^-r^x^^$^ic{i^>g>iff*iS57ic.ifim(7)7?;io 

[«*JS59] 

froifflBB*2<Bmara<&lS-T?l*fc^lHI«^ 
£lC<l*.6iS*lS58lClEl£<D:£&o 

[ffr*ii60] 

[1**116-1] 

PS^£ftfc$^/\ o yK^t&£^t-&m2(7M^ 

3lf*H60[cIBiE(D;S;£o 
[fjf*H62] 
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[lf*3S63] 
^Il62IZfB«tC0^o 



[ftffi#IH 
[0001 ] 

[0002] 

*0J*ffl«l*s 2001 ^6fl6B t±!SiCD^:|l^^I^tbSllg60/'296, 41 4-§-|C#£;h,&f ^T<7>2: 
Hi::#-r£ff$fctt£±3ftU C*t$#RSlc«*:yia^at?o*fc, *ej*f»(£. 2000^6^ 22 aiJSKD 
H09/603, 417-§-. 2001^1 £11 H tiiliI(7>1g09/759, 609-^-. 2000^9^ 7 B £tiRgO)$ 
09/656, 522^(D4-3G>HB#^JHa>*SttljSII^*5h,'5-r'<T<Z>±HI=*r-r*flEjfe<t$±3S 

[0003] 

w-r-s>o z?Lfc-9— tfxf±, ^^^n^-r-s-r^^xh^^vM^yjiK^s-r^icotir j.e 
dr^xicteyoofc&o 

[fgBJ^^Lcfcair-r^^jS] 
[0004] 

-ratable?— ^zfn^j^v^Tsh^m^izAtsv^^mti^iMzm^Hxi^w. ^tittm 

[0005] 

I^^^X^A^^-r^Z<i:^^Smcfcyi!#^fiJ^T*fc^o SaWI=f** ZOvX^fAtf*^/* 
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[0006] 
[0007] 

ally capacitive sensor) m^U^K$®M^i)^^^ifi^*Q^^/ ^vK^Jltt-r^C^-r-fc^o 
[0008] 

*mw<D%\(Dg wit. ^mmmm^v-±(Dmm<Dmmm^x. ^wmm^w^m^i 

[0009] 
[0010] 

^\z.T0^^mzw.m^^otmmw^^^^m^r^tx^ o 

[001 1 ] 

^L^-mmmmxit. *mmz. femmtzo)*— /W(D*—^v\-<D?<*T\zm.w.ztix^z> 

[0012] 

imwyE&ffi.ttm±\zmmz*ixi^o 

*fgBji<Dii2<&^T^*.*-/^K<Dm^ 

mmtmttmrzKtfEiwztixi^o 

[0013] 

Kj^i^jt-r^cfc^ic-r-So 

[0014] 

*^BJ(7>|g4(7)!r#^Ti*, nmWvFlt* £JIa>5llJn£>Capton GlideSensor±(ZX^>>?*£;fx 
[001 5] 

;$;f§Bj3<Dll6<7)$#m:M;*.*^/^Kl^^^ 

(D±. t5&lS*—<Dm&&W}X$Z>£ : ilz-fZ) 0 
[0016] 
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is {&"^~ -S) o 

[0017] 

*»w<D*^nj:jf*i=»*»«#Lfciaiii*#iiaLr, mmmrfxmw&ttmu &mx 

[0018] 

^/ wki*. -r>if-^x«tt?STfW. <feyjn*wici*. ZvfWit* ffls»*Mffi*n 

[0019] 

nn I*. -^©^K)«isi o^^-rigmni-efe^o mu 21*. w&<n*— 2oo>ti::ies£*i-ci^ 

^y^^V^Omi^^m.^-r . 20(i. ifSI/N^v^l 4<DTlClBB£*lTl^ 

T*yh22(BI*ii-r)a>Pt— <Z)Rr««P»"Cfc*o^F— V^K22[i.^— /\VK1 8(D3f?1 <DJlT*& 

/ wi si*. m&<D*-2otfttfc?&mm^vT&imtt%^ttfxz&?^xmnf& 

•So 

[0020] 

1t^©Jp-20<7)m-(D^r— ^^LT^^o 4r— 201*. -flftlc^ RT1l6<j:=fA«*tftT?ft*, Lfr 

u +-201*. Hflttw^Tf^fiK-rs-tt-e^^o Mfccitf** zo^&mzti&ttnwv? 

[0021] 

^-20l*,^-^ffl$Hfc<t#IC^X^^32^^1l)$i±^fc^lZ^fflT^tt^(7KXh)24$ 

yi 4$miiLr^niijiz v t5-rAMz±izg^ai"r*<i;ai3isjeLf=^JK-c?fc§zi:-efc^o fcstM*, * 

— 20$TO/\^v>^1 4(D^®£|^i:iii£lzr&Z£liT?£-&fr\ CI<7>tgj5jcli s tflCfcy £1*7 
[0022] 

^X^^32(D^lb(*.tt^24*^©±ICiBa^Tl>^K— At^1«^*t36±lZffLT(f 
&*lfci*l=a***L*. K— A««P«36f*, ^gP24^ih^fc[*^KteWI^ : ffLM-rfc^(D 

x\ : —^m^3eit.mm^y^(owm\z^xm^Li^mit i B^mm-r^ 0 

[0023] 
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■?y\*22&Mm-t&Z.ttfT*£Z>o mcOi-tmVlt. Z—^vb22&^±lZ$mLX. m*(D*-lZ\Z 
[0024] 

[ll2T[*^^/^K26li.^— ^h22<7)^CTlCiBg$HrL^^o1tlft<Dl3PgP28^^M 0 
^K26^mjSLTiSB^ttrfcy,1SI&<DJF— 20(7)^-^tL[Z^^TLN^ttttSP24^Z^ii 
«-&Cl<^r#&o$^/^K26(7)t«^^ 
[0025] 

^^/^vK26(DTl3iBS$t^Tl^^(7)7^)<X^^^Jg30^fc'§)o X^^TS*530[i-|SlC. ^'J> 
hlslg&£«<PCBSl)fc£^DHi|14ttm?a&&o 11121*. X^^M30lzieS£;ixTl^«X>f^ 
32^LTL>^o X-f^«*J530±|Z|£. M&X^^32fc«mT— Atfe$|JW36lC^-r-S 
LED34fcffi1t£*tTL^o X'f^St£±a>«ifc<DLED34li. -»l::1ja»<D*— 20£»LTJIx. 
&i!BBJl£JS<a-t&o LfctfoT* *-20li, iSBj % *fcli'>JEj:<^¥S^-C?fcy. *-*ilc£oTLED 

-^yb22(D^<tt-^tmB^tzit^mBMx^^z\t^mm^titz^o 

[0026] 

H2izfc^rigif -r^^a^ztid:, pj^ic-r^^^ic. *-2o^«g«x>r^3 

2&&%\zttm^m\zLt£\fMtj:*Ul^tVfoZ> 0 WlM&*.*ll£. S^/'Wl*. 1£&<D*— 20 

— -?y\-22t$&ifJr— 20<Dv^^t£\f7&<izwd,m^^^t><^ o zm^Li^mmmmvit,^ 
w<D%iMm$m*. mnU28fim2\ztt*-swi8(Dmf&$mttmiz?%ztvfoZ) 0 

[0027] 

&Wimmz$vT/wm&&mi&?&tzisb\z. m%«D*—2o, *£#sg24. ^^/\ o ^K26^«iiL 

[0028] 

IU3li % 4=~/^Kl8C7)-g|5CDifim«lJ®^T®^l^fey. ft«S|i24$t-r^+- 20^\ W2 
6£Mi!-f &P*flnSfl28±|CiES£tlTL^o &4*$P24li. K-Atfc«r36|cP$frt&*\ 
l£^<D±|::ieg£;KTl^o miZ7jkl,tz*'(vT&ffi.30\t. R— AtfcM-36£*£l*£B24lC<i:o-CfE 

SbT?#-s e fe3l^,r B 1Ri40lzJ;orfe-g>sgMLri5S^tLrc^'§)o 

[0029] 

^^BJ<D^J<Da^^OfjT^!f#mi*> LED34\Z&^xmm£ft&mWtf*-20$ftLXnJffitte 
&£5l^&fctolZ.*^/^K26(D^£S^ 

^L^ir-^fc^o ^blc. ^^/^Kl^ffl^H^W^I*. mW&Lft-<Dl^<'Dfr<Dm&<Dtzlsb{zmW: 
[0030] 

LEDJaHIC^ffl^t^^BJ^^^^fe^Z^^IIlto^HT^^o fc<hX.lSs ^KmiSlCXb^hP^ 

^mii-r^^p$P$Ji«-r^^^fe^o m&i&mzftx^z>mikJ3&\z&tu£ s ztutmmxfo 

-0)0 

[0031] 

mm&V$t-£L^mi&MmXlZ. &mrp<D$vT'W\£. CIRQUE(jgi4I)*±(DGLIDESENSOR 

^tmxittn<. fr>-?fr\zm}-?&zt : bx£&o z<Dzt\tmmxfo& 0 ti^oit. +-2o^ff^ 

*U -?-a)$S^^$P247!)<K-A^gm36$ff LT(f\ MU^/^32£fEK£-t±Tl^<!:^ 
20(7)^#38^'$i^^ : -/^ , >K26$-WLx fo^AMCl£ff2£l±Tl x '5>A x »o'T?fo'5>o £ , ;/ ; f-/^}'R26(DZ.(7)IK]cr 
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[0032] 
[0033] 

;u<A/D)im»A<ttffl£jhxi**fctt**fc/^^ 

tltZo 

[0034] 

m^mmz^xm^titz^>zr^<fi(om^^s^iz^xAyD^^(Dy'<x<Dis. 
m&ttzt>Tzttfx£& 0 

[0035] 

<btiz s A/Dgftsay-rxaisaL fc«ki;»JSiHii»(Z)-b->^u»a>2fta>i«jjnA<iifl^-&*3$o 

5. 305. 017-^.115, 565, 658-§-. ^5^15, 861, 875^X\ Z<D&.ffilZ-\-'Am±L£tltzT 

— 7,&m?&^t\zmftLui^ti3m7F£*ixi*&o ^Knm^miz^x. xtyommor^om 
nmAZUitz-ezmtomtiirfBimztiiZ. 7— xi*, -t^aHt^a-ettM-etefci*. LfcA<o 
x. mK&n^m&ffi<Dm&tmfr&t>£frtz$v*/w®m(Dft±iz&^x. cirque^**) 

[0036] 
[0037] 

X^L^TL^U-KPE-O^fefflLTl^o LfrU PETli-j&IZigBjTrli&l^ -fiftl^l^ffl 

fe(D*^*t*4-c?fcy s ^^/^KlcttfflLfc**. *-&mt>-f<D\z-\-fttj:i}t&m?ztrfX$tii 
IK LtztfiX. mtif&Xft&L^nMteMXlt. 7K'Jx^u>^-^b— h(PEN)fci:^£iI&s fc 

[0038] 

L^yffi^sjt^fis^WLTtey^^/^KMi^ffl-rszt^-c^o 

[0039] 
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[0040] 

ma^'j^Ki*. ^jR#rcj:<»&*iTtey. ±iEa>ciRQUE(ia«)<7>i#MFT?si^Lfc«^^^-e 

TYW;/K52fr&Jli;ftTE1B**i"Cl^<So Lfc^'ot, x^U^/K50(*»l <7>at654±l::feS-f 

Y^'J^K52f**2©at«56ilCK1tf*Ci:*<T?#, *1 0>*«rf><&2(D*«lz*g-&£ 

nr. ±ffiia)at«563b^fi-r'6»5Mfti»*t»*»fiRL-cL^o 

[0041] 

^f-'(tizm2a>««iyy'vK66a>±«izEa*j|xri^oCa)«BlJi68ii--«ic. *ffi^y*vKiB6 

2.66©Mlc«ffl**L-Cl^Hi:»«M6«*t»^fe*« 

[0042] 

««^iJyKll62fccfet;66*»«60fc«kt;»#tt*»»64±fCE«^*^P't2XA<|gi*filila) 
9l»Jf=**ti©i:MI-Jfi'<'6^i:3& t "e#*, LfrU PENSfcl4flfe(DI^1*<Z>:7^UA£M60£L 

[0043] 

y. y-fXT;$^1SM-r^o 

[0044] ^ 

CIRQUR(lS«)aiCcfeoTSi^$*tTl^^fr^©^5 1 /^Ktm^Y«ffi^y'yKB62±a>fi5 

^Ll^ttf4MP»28T?fcSo^ill«ISl0(D4r-/^Kl8±<D^-20C:^lzMP»28/»<& 
-So Lf-tfoT, MPSP1 8<DIEtefcEtt;l3J:tf »I4* <£ffl£frTl>5*£!miSOX3M' ;ufc<fct>*- 
/^Kl"8(7)U-rT'7hl^i:T^yt#^o Z0)il^ff^a>2Hlltf>*— !4.-fi?iJ<!:L-C7ivLfcl^^j: 
L> 0 ^Jfc«fct;ff<D»l4i^Slwj£i:-Clifi-r*^t^"e#*- 
[0045] 

Y«tt^y*>K70(0«f5^««l4.-t<D-»A < *ot-C-ei4«PL^i:T?**.m«70©-?*a>2O 

MnaiJ28<DayT?3**jwiwffiff tosKSo ^fi^^^^^m^ii^^^^/^K262>tt 

[0046] . x _ o 

7|-7-tr^htf4. BSfcltfM >f7^i4Sroilr'fel). fcir^.14. -tt(DCIRQUE(i**) vy 

Ki4 i2xi 6a>ma^yyK*teffl-r*. -ni4. fiaHig^jjrr &*=tf>a>i 92<D*M<D-r> 
itfe^ 0 znmmm-eit. 8<i<z>Y«H7ofc«*:tf 6<i(z>xm«74*<fc&o -tii4. -Jsocirq 

>f^£;Mi1Ea>iS:8[rt<1 /4(6 x 8 = 48)rfc6-<t:£Si*-3~<5>o Z(D^;5Bl^cfc-o-C. -fcti^MfE?" 
[0047] 
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;is^#s^&^mi4, YmM7o<z)-$R#im^ 

[0048] 

081*. fi^-r^T(DmMH62. ee^^T/^KS^eoJii^iES^fc^cD^^/^vK^n 
U&Tjk-ftzisbizm&Zftr^&o IU6. HI7, fc«fc^l§l8(Z)x<7— ;u(4^^&-ei4fci^<>:£3f&£ft 
M\ 0 mU<? , )v£M62* 6614, m-^"r<-r^>f=*)I^^LTt^o w:RLTI4l^ci:L>^s 
K<D— Wl*s M^"J^KJB62. 66(c$S^^Tl^^^/^K[Ul^-efc^ 0 $^/^/K(US&l4* 
mM-7* l J^KJl62^66(7)F B 1<7)ffi5:Sfm#s:^^-r>5>emC^SLti^aiL, ^(DifFfi^^ittf) 

[0049] 
[0050] 

si 9 1*. &w>nm780mte%mmm.&7ii-?mT*fo&o ^mmuisit, ^-x^^so.js^u* 

j^—^SZ^m-f^o S|5#82I4— ZZlC7FLfcLCDa7FliS84/j:<!:(7)a^lJ®^# 
fr„ /<— XSP^80I4— flftlC ^P— / W86£^t? 0 &&IM4. *^S^>f^(Z>aE*M®ftffi$fl6ffl 
t-«>^tA<Tf^§oCHC4.nS*JI5^fi8l-fct^^/^K26$Z<Z>«*®a(7)»^lC«i:y§^ 

[0051] 

c(Dia£iitt^5(Di4^»j*is<Dtt»oiti^ 

I4. tt§P90lZ/Jx$l\LCDa^iS®88$#t;o ^^SI®88^^fflLT. tztz.lt. 3&n?#<DStt»k 
*fr(4^(Dl5Ib^CD^S!jmiSHt^^'ro iffit^tl^Cili, Z(D^^(7)^Kimig78$-^ 
ffli^&£#|Z % S^®ffi88±W<Ofr<D$^/*:/K«te£^ 

[0052] 

totommmmi** mmiznLxmi&ztixi^tzisb. mmm^mmtt^o **ititmmm\z % n& 
mmLx^ft&frtz^x&mrhzt&i&mtt&zv^'W&ft^ 

[0053] 

(4, ^l!]«IS78(7)^t^fcl4^ilJ®l^/ v p v •^TiEg$tlrl^^o CKD*^/ W92l4s a?FiIi®88(7>X 
^□-;U«fii*ffl«1-*Ct35^#*o^^/^K92l4.?Slil/\'7^>^14^l^t:S5$lZiBa-r«), 

*fci4«R/\^i/>ya>TfcEii«ct^**o*i^«fl/^i/>^i4±rcfir&A^a>«*«t 

<CtlZ<kor.5»^/<-yK920!)M**t"oi— -tff4mi^^/^K92l=jaor«l»*fcl4»$ 

»m$i*tx^p— ju*fr3t£it-e*y,»«ia)^ipii=«fe*3"C±Ti=^p— 

[0054] 
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[0055] 

n?^M.(Di J ?mz!fc&LX£W}Xfto^tti<X$Z> 0 ttitlZttmfolz. 5vT'W(DttW}£s Hffl 
^y^ifLX^mxno^t^X^^o *<<vTU. 80)*— 200)afi<lCiBM-r^Z<!: 

[0056] 

im^mc^t^x^o 

[0057] 

1 04. &W}Wt%<D-f^X<Dm'E<Dmtl&mi&-t ; bm^ 06. ^— / 8±<D^r— ZOlZkiXit 

$<st;zttfx : £&z£&mf&2*itz^ 0 z<om\z. miz-mtotemtLxfrtezti&^xfo&o 

[0058] 

TlcIEM£*U ifi^flStt^E— KT?»ft-r«>zt^-e#S„ £fc *^/\°«;/K26£^M/\^v>yi4 
cfcdl^-SC^-e^^o ^— ^yh22(DTfccfcU*^»/\^v>^1 4<7)-$|5^(7)T^<i:\ 
5l~s^^5 l /^K26^LCDa^M®8(DTI^iBSLr^^Tiii®«!:PCJ:aicij!)^^1±^cl: ; 5l3-r'& 
[0059] 

xiTokoizLx^&K. $mm^tzmw}^tzit^mx^^oizLx^i\^m^xt^L^mm 
x. temwtznmmizwMZtixi^i^tf. mis#^-rafto-cfc<ii^ic. ^miz^j-y 

=E-WzirZ>z\trfX*£Zo 
[0060] 

Lfc^-oT. -5g(D*-20£# LT, -<D^tg^ ^UTHftl?^^ cfcdlC-r^Ci:A<$?^L^ii^^ 
[0061] 
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wits &Mmuut\ m*te&m<omftmmm®$sT*o>&mizmmx*&& 0 l^u M^-ttigi^ 
(pda). ^zfhy^>izo.— * N ^u>>h/\°-v^i-;u=i>t o i-^. fsiffiom^m^ti^-^w 

[0062] 
[0063] 

[0064] 

[m®c7)mm^^] 

[0065] 

[iii4]xmfiyu';/KA<fc£i^i&^ 

[ m 6 ] m 5 1 Lfcvm^ y ; ^ ^-r ¥ ® m t?& & „ 
[ m 7 ] m 5 1 z^: Lfcxm^i^ ■;•:/ K£ jf-t ™ is „ 

[II]8]fi£:&^Tc7>SMJi7^;/^/^ 

[EiQi^iiimiscDM^iasMflifiR^^-ria-cfc'So 
[Eho]*/w>^i:£*if::tfS0)iite^ 



[in®c7)ifm^0j] 

[0065] 

[Il]i]^B^^iBM^tLT^^-j|Sc7)^iftffiis^-r^lllI-efc^o 
[Ill5]3EiB#^^^LU||]^^lllz c fe-§,^^/\ 0 ^K$^^-ifTS#JSEl-efc<So 

[ U6] [115 izsf L7tYmffi</u v F&fik-f w-mmu&Z) 0 

[[H7][il5IZ^L7 N cXm^ , J^K$^t-¥SIIl-efe^)o 

[ia9]^iii«ssa>s^iasw«ifi£$*-rBiT?fc*„ 

[ m 1 o]*/ i:e>*ifc««8<D ia9o>^iji«is^*-r mx&z . 
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